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ABSTRACT
Using a novel and fast genotyping method called Kompetitive Allele Specific PCR
(KASPTM), we carried out a pilot study on 48 single nucleotide polymorphisms (SNPs)
belonging to 40 genes in French Alpine (n= 24) and Saanen (n= 25) goats reared
in Romania. Furthermore, the associations of the 13 polymorphic genetic variants
with milk production and composition were investigated. Thirty-five SNPs did not
show polymorphism in the studied populations. Polymorphic SNPs were detected
in the following genes: CAST, CLEC4E, DES, GHRHR, HSP90AA1, IL15RA, IL1RN,
IL8, MITF, PPRC1, SOCS3, TNF and TNFSF13. The studied Alpine population was
in Hardy-Weinberg disequilibrium at the g.62894878A>G locus (rs671391101) (P <
0.05). The results showed that four SNPs rs671391101 (GHRHR), rs640582069 (IL1RN )
rs635583012 (SOCS3) and rs635969404 (IL15RA) out of the 13 polymorphic markers
were significantly associated with milk production, protein, fat and lactose content in
the Alpine breed. However, no significant effect was recorded in the Saanen population
regarding milk yield or milk chemical composition. The current results provide new
insights for the development of SNP marker-assisted selection technology in the goat
industry and confirm the potential of using SNPs for the GHRHR, IL1RN, SOCS3, and
IL15RA genes as candidate genes for selection, highlighting the direct implications of
such genes for farm production outputs. The results from this study are relevant for
future goat genomic studies and the inclusion of the associated traits into up-to-date
selection schemes.
Subjects Agricultural Science, Conservation Biology, Food Science and Technology, Genetics
Keywords KASP, Saanen, Polymorphism, Romania, French alpine, Milk traits, Associations
How to cite this article Kusza et al. (2018), Kompetitive Allele Specific PCR (KASPTM) genotyping of 48 polymorphisms at different
caprine loci in French Alpine and Saanen goat breeds and their association with milk composition. PeerJ 6:e4416; DOI 10.7717/peerj.4416
INTRODUCTION
The goat sector within the European Union accounts for 12.3 million head (EUROSTAT,
2016), concentrated geographically in Greece, Spain, Romania, France and Italy (10.68
million altogether), with the farmers essentially focused on dairy production (milk and
cheese production). According to Eurostat reports for the year 2016, Romania alone holds
a flock of 1.48 million breeding goats, representing approximately 12% of the goats reared
in the EU. As in other European countries, the main focus of the sector is milk and cheese
production, with goat meat being considered a marginal product. Milk production traits
are of fundamental importance in livestock production and are strongly related to the
efficiency and economy of the farm (Erhardt et al., 2010; An et al., 2011). However, there
are significant differences in the average milk production of goats between regions, mostly
due to management and feeding systems and to genetic background (breed, selection).
In Romania, goats are reared predominantly in extensive low-input production systems
(Raducuta, Calin & Purdoiu, 2012), and the unimproved indigenous Carpatina breed
represents over 90% of the population. The breed has modest production outputs, with
milk yields estimated at 220 to 350 kg/lactation (Padeanu, 2001, Pascal et al., 2011).
Consequently, farmers started to import Saanen and French Alpine goats, the main
specialized dairy goat breeds reared worldwide. The milk yield estimated for the two breeds
ranges between 800 to 1100 kg/lactation when they are reared in intensive production
systems (Palhiere et al., 2014). Both the Saanen and Alpine breeds are reared as purebreds
where large commercial farms are concerned, while on small- and medium-sized farms,
which practice more extensive rearing, the bucks are used for crossbreeding with the
indigenous Carpatina breed in order to improve their milk yield and udder conformation.
The ongoing growth and increasing accessibility of genetic and genome sequencing data
has given new perspectives for research in domestic ruminant species (Dong et al., 2013;
Elsik et al., 2009). Polymorphism of milk proteins, which has been linked to the chemical
composition and biological characteristics of milk, as well as the processing properties
of cheese, is well studied and documented worldwide (Martin et al., 2002; Vinesh et al.,
2013). Selection can be carried out to increase the frequency of alleles with a positive
effect on a given production trait (Dekkers, 2004). Variations in these genes, which show
strong associations with economically important production traits, such as traits related to
milk production, are useful tools for marker-assisted selection (Parmentier et al., 2011). In
the case of dairy goats, the effect of caseins—especially that of αs1 casein (CSN1S1)—on
milk composition (mainly protein content) has received significant attention from both
geneticists and animal scientists in the last decade. Moreover, the state of knowledge on
goat genetics has been significantly improved from the year 2010 onward, subsequent to
the sequencing of the goat genome and the release of the goat SNP50, which allowed several
genome-wide association studies (GWAS) (Martin et al., 2016). The aim of the current pilot
research was to investigate the polymorphism of 48 SNPs of 40 genes on dairy production
and major milk components using genotyping methods in French Alpine and Saanen goats
reared in Romania. Furthermore, association study was performed between milk traits and
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polymorphic SNPs. The ultimate purpose was to find and describe polymorphisms that
could prove useful for the design of future genetic improvement schemes in the two
dairy breeds.
MATERIALS & METHODS
Animals and management
Forty-nine genetically unrelated multiparous goats (3rd lactations) reared under intensive
commercial conditions (Northern Romania: 47◦34′15′′N 23◦ 25′41′′E), including twenty-
five French Saanen and 24 French Alpine individuals, were included in this study. The
commercial farm manages a total of 1035 breeding goats in a mixed-breed system, with
both Saanen and Alpine being reared under identical management and feeding conditions.
At the farm level, both the Saanen and Alpine herds have been selected predominantly
to increase milk yield, with the main selection aim being set at a production of 5,000 kg of
milk per productive life. The animals selected for the current study were in the top 20%
for milk yield, and were designated to produce the replacement does and bucks. All does
were inseminated with frozen semen imported from France and Austria in order to avoid
inbreeding within the populations. The does taken into the study were descendants of
purebred animals introduced into Romania in 2009, following an import of Saanen and
Alpine goats from France, representing a diverse sampling of genetic lines (12 lines/breed
unit). Reproductive failure and udder-related problems were the criteria normally used
to define which does would be culled. The culling rate at the farm level was 25%, with
a conception rate of 83% and an average prolificacy of 186%. Pregnancy scanning was
practised starting on day 45 after artificial insemination.
All animals were included in the Official Performance and Recording Scheme, being
registered as nucleus reference breeding herds, which produce and disseminate tested bucks.
Does were milked twice per day in a ‘herringbone’ milking parlour (2 sides× 24 units). The
average lactation length on the studied farm was 280 ± 15 days. The following production
data were recorded for the studied animals: milk yield (kg), fat (%), protein (%) and
lactose (%).
Does were kept on a straw bedding, with a space allowance of 1.7 m2 per head in the
resting area and free access to water and outdoor paddocks of 4.5 m2/goat. They received
a daily feed ration made of high-quality alfalfa hay ad libitum and pelleted feed (16%
CP). Does were housed in groups of 40 to 50 animals, according to lactation stage and
productivity, regardless of their breed.
Hair follicles were taken from each animal and kept at 4 ◦C until further processing. The
research activities were performed in accordance with the European Union’s Directive for
animal experimentation (Directive 2010/63/EU).
Selection of SNPs
A total of 48 single nucleotide polymorphisms (SNPs) of 40 genes have been chosen
based on the results of prior genome-wide association study (GWAS) and marker assisted
selection study across the goat genome (An et al., 2011; Boulanger, Grosclaude & Mahé,
1984; Martin et al., 2002; Martin et al., 2016; Mousavizadeh et al., 2009; Singh et al., 2015;
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Tabaran et al., 2014; Vlaic et al., 2010; Zaulet et al., 2008) (Table 1). Caprine SNP data were
collected from the Single Nucleotide Polymorphism Database, or dbSNP (NCBI). Special
focus was given to the major genes associated with milk production and composition traits,
found at different chromosome localizations.
Genomic DNA extraction and genotyping
Genomic DNA was isolated using a method described by the FAO/IAEA (2004). The
DNA was stored at −20 ◦C until further analysis. DNA concentration was measured with
a NanoDrop Spectrophotometer (Thermo Scientific, Waltham, MA, USA). All samples
were diluted to a uniform concentration, and the equivalent of 50 ng of DNA per sample
was used for genotyping. Kompetitive Allele Specific PCR (KASPTM, LGC Genomics,
Teddington, Middlesex, UK) genotyping was used for the bi-allelic discrimination of the
selected 48 SNPs (Table 1). Results were visualized with SNP Viewer software (version 1.99,
Hoddesdon, UK). Genotype data for each animal were exported for the statistical analysis.
Data analysis
The raw allele calls received from LGCGenomics were analysed with KlusterCaller software
from LGC Genomics. Further, a genetic association study was conducted on polymorphic
SNPs.
To determine genotype frequencies for all polymorphic SNPs and estimate the effect
of SNP polymorphism and breed on milk yield and composition, we performed factorial
ANOVA using the statistical software Statistica (StatSoft, Tulsa, OK, USA) with the
following model:
yijk =µ+SNPi+BREEDj+SNPxBREEDij+ijk
where: yijk is the milk yield, fat percentage, protein percentage or lactose percentage; µ
is the overall mean; SNPi is the effect of the selected SNP polymorphism (with 1, 2 or 3
levels, depending on the studied SNP); BREEDj is the breed effect (Saanen or Alpine);
SNPxBREEDij is the interaction between SNP polymorphism and breed; and ijk is the
random error.
The chi-squared test (χ2) was used to determine whether the populations were in
Hardy-Weinberg equilibrium (HWE). HWE analysis was performed for setting the genetic
association studies.
The significance of each main effect (SNP and breed) as well as that of the interaction
between main factors was verified using Shapiro–Wilk’s test (Hill & Lewicki, 2007). The
significance of differences between least-squares means was tested using Tukey contrasts.
For each SNP, only the animals found to have been genotyped for that SNP were taken
into consideration. This is why the number of individuals varied across the SNPs.
RESULTS
For all investigated SNPs the KASP assays produced 2,230 identified allele calls and 122
unidentified allele calls with an allele call rate of 94,81% and a mean of unidentified allele
calls of 5.19%. A total of 13 SNPs (27.08%) among the selected 48 SNPs were polymorphic
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Table 1 Selected SNPs used in the study for genotyping the Saanen and French Alpine goat breeds.
SNP Locus Gene name Allele
substitution
Position Chromosome
rs646939931a BLG beta lactoglobulin C/G 101688547 11
rs666806435 CAST calpastatin C/T 92154468 7
rs669986850 CLEC4E C-type lectin domain family 4, member E C/T 93538087 5
rs640597911a CLEC4E C-type lectin domain family 4, member E A/G 93531862 5
rs647010244a CSN1S2 alphas2 casein C/T 82783242 6
rs655570397a CSN2 beta casein C/G 82706566 6
rs268293109a CSN3 K-casein A/G 82905979 6
rs671256096 DES desmin C/T 106743716 2
rs666579277a DGAT1 diacylglycerol O-acyltransferase 1 C/T 11262510 14
rs637389720a DGAT1 diacylglycerol O-acyltransferase 2 A/G 11265136 14
rs662251196a GHR growth hormone receptor C/T 31638980 20
rs671391101 GHRHR growth hormone releasing hormone receptor A/G 62894878 4
rs660778229 HSP90AA1 heat shock protein 90 kDa alpha (cytosolic), class A
member 1
A/G 63869868 21
rs648330532a HSP90AA1 heat shock protein 90 kDa alpha (cytosolic), class A
member 1
C/G 63869848 21
rs657411574a HSPA12B heat shock 70 kD protein 12B A/G 49737502 13
rs642665135a HSPA13 heat shock protein 70 kDa family, member 13 A/G 21576446 1
rs644393790a ICOSLG inducible T-cell co-stimulator ligand C/T 141880385 1
rs655800693a IGF1 insulin-like growth factor 1 G/T 64133586 5
rs635969404 IL15RA interleukin 15 receptor, alpha C/T 10354813 13
rs640194180a IL1B interleukin 1, beta A/G 46047709 11
rs640582069 IL1RN interleukin 1 receptor G/T 46353777 11
rs650731617a IL4R interleukin-4 receptor C/T 24974944 25
rs646307174a IL6 interleukin-6 C/T 29257937 4
rs665173888 IL8 interleukin 8 A/G 86040123 6
rs655587739a LIPE lipase E, hormone sensitive type A/G 49565649 18
rs657028280a LYZL6 lysozyme like 6 A/G 44356928 19
rs651811571a MAP3K14 mitogen-activated protein kinase kinase kinase 14 C/G 44062724 19
rs668924310a MAP3K14 mitogen-activated protein kinase kinase kinase 14 C/T 44050352 19
rs657011040a MC5R melanocortin 5 receptor C/G 43663391 24
rs651461190a MC5R melanocortin 5 receptor C/T 43665490 24
rs654112183a MITF melanogenesis associated transcription factor C/T 31431210 22
rs664283580 MITF melanogenesis associated transcription factor C/T 31429293 22
rs641851617a MSTN myostatin A/G 6314057 2
rs671509714 PPRC1 peroxisome proliferator-activated receptor gamma,
coactivator-related 1
A/G 21172380 26
rs668650719a PRLR prolactin receptor G/T 38802036 20
rs665266215a PRNP prion protein G/T 45240766 13
rs268292980a PRNP prion protein A/G 45240888 13
(continued on next page)
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Table 1 (continued)
SNP Locus Gene name Allele
substitution
Position Chromosome
rs641385611a PTX3 ventricular zone expressed PH domain-containing 1 A/G 108081185 1
rs662591991a SLC10A5 solute carrier family 10, member 5 A/T 90969357 14
rs643200957a SLC11A1 solute carrier family 11 (proton-coupled divalent metal ion
transporters), member 1
C/T 105763369 2
rs666944028a SLC11A1 solute carrier family 11 (proton-coupled divalent metal ion
transporters), member 1
C/T 105766113 2
rs635583012 SOCS3 suppressor of cytokine signaling 3 G/T 52626440 19
rs639895207a TGFB1 transforming growth factor, beta 1 C/T 49347870 18
rs661914424a TLR3 toll-like receptor 3 C/G 14987931 27
rs669391945a TLR4 toll-like receptor 4 A/C 105007687 8
rs661165283 TNF tumor necrosis factor A/T 26141981 23
rs669561078 TNFSF13 tumor necrosis factor (ligand) superfamily, member 13 A/G 26523480 19
rs638567475a ZP2 zona pellucida glycoprotein 2 A/G 19021217 25
Notes.
anon-polymorphic loci.
across the two populations and further used for the association study (Table 2). The
polymorphic SNPs were found in the following genes: CAST, CLEC4E, DES, GHRHR,
HSP90AA1, IL15RA, IL1RN, IL8, MITF, PPRC1, SOCS3, TNF and TNFSF13. Although the
set of SNPs was selected from dbSNP, a large number of SNPs (n= 35, 72.92%) were not
polymorphic and were therefore excluded from the association study. Thirty-five SNPs
were not polymorphic (Table 1).
Among the polymorphic SNPs, two were located in introns (rs660778229-HSP90AA1
and rs635583012-SOCS3), two in the 3′ UTRs (rs671256096-DES and rs664283580-
MITF), and one was an upstream variant (rs669986850-CLEC4E). In addition, eight SNPs
were missense substitutions (rs666806435-CAST, rs671391101-GHRHR, rs635969404-
IL15RA, rs640582069-IL1RN, rs665173888-IL8, rs671509714-PPRC1, rs661165283-TNF
and rs669561078-TNFSF13).
The different genotype frequencies are shown in Table 2. The results of our study
outlined that homozygous genotypes were more frequent than heterozygous in most cases.
Only the Alpine goats were in Hardy-Weinberg disequilibrium at the g.62894878A>G
locus (rs671391101) (P < 0.05).
The studied individuals’ genotypes were analysed for association with milk yield and
composition in the Saanen and Alpine breeds and in both populations together. The
four SNPs—rs671391101 (GHRHR), rs640582069 (IL1RN ) rs635583012 (SOCS3) and
rs635969404 (IL15RA)—had significant effects on milk production, protein, fat and lactose
in the Alpine breed and in both populations collectively (Table 3). No significant effects
on investigated traits were found for any other polymorphic SNP (results not presented).
No significant effects were recorded in the Saanen population regarding milk production,
protein, fat or lactose content. Milk yield and fat percentage did not show any significant
association with genotype in either the Saanen or the Alpine breed. In the case of total
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Table 2 List of polymorphic SNPs and genotypes frequencies in Saanen and French Alpine goat
breeds.
Genotype frequencies
SNP Allele substitution Genotype Saanen French Alpine Total population
rs666806435 C>T CC 0.72 0.91 0.81
CT 0.24 0.09 0.17
TT 0.04 0 0.02
N 25 22 47
rs669986850 C>T TT 0.83 0.53 0.70
TC 0.17 0.47 0.30
CC 0 0 0
N 24 19 43
rs671256096 C>T CC 0.83 0.96 0.89
CT 0.17 0.04 0.11
TT 0 0 0
N 24 22 46
rs671391101 A>G AA 1.00 0.89 0.95
GG 0 0.11 0.05
AG 0 0 0
N 25 18 43
rs660778229 A>G AA 0 0.10 0.04
GG 0.76 0.66 0.72
AG 0.24 0.24 0.24
N 25 21 46
rs635969404 C>T CC 0.24 0.59 0.40
TC 0.44 0.32 0.38
TT 0.32 0.09 0.22
N 25 22 47
rs640582069 G>T TG 0.40 0.50 0.45
GG 0.52 0.37 0.45
TT 0.08 0.13 0.10
N 25 24 49
rs665173888 A>G AA 0 0.05 0.02
GG 0.80 0.69 0.75
AG 0.20 0.26 0.23
N 25 19 44
rs664283580 C>T CC 0.92 0.96 0.94
TC 0.08 0.04 0.06
TT 0 0 0
N 25 24 49
rs671509714 A>G GG 1.00 0.91 0.96
AG 0 0.09 0.04
AA 0 0 0
N 25 21 46
(continued on next page)
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Table 2 (continued)
Genotype frequencies
SNP Allele substitution Genotype Saanen French Alpine Total population
rs635583012 G>T TG 0.68 0.50 0.60
GG 0.16 0.18 0.17
TT 0.16 0.32 0.23
N 25 22 47
rs661165283 A>T AA 0.12 0 0.06
AT 0.40 0.25 0.33
TT 0.48 0.75 0.61
N 25 24 49
rs669561078 A>G AA 0.84 0.85 0.84
AG 0.16 0.15 0.16
GG 0 0 0
N 25 20 45
Notes.
N, number of studied animals.
population, the g.46353777T>G SNP located in the IL1RN gene was associated with milk
production; the g.62894878A>G SNP in the GHRHR gene, the g.10354813C>T SNP in
the IL15RA gene and the g.46353777T>G SNP in the IL1RN gene were associated with fat
percentage (P < 0.05); the g.46353777T>G SNP in the IL1RN gene with protein percentage
(P < 0.05); and the g.52626440T>G SNP in the SOCS3 gene with lactose percentage. Out
of these associations, the g.52626440T>G (rs635583012) SNP located in the intron of the
SOCS3 gene and the g.46353777T>G (rs640582069) SNP located in the IL1RN gene were
associated with lactose percentage; the g.62894878A>G SNP in the GHRHR gene and the
g.46353777T>G SNP located in the IL1RN gene were associated with protein percentage
in the Alpine population (P < 0.05). The current findings also underline the significant
differences found between the Saanen and Alpine goat breeds based on all 13 markers for
milk yield (P ≤ 0.05).
DISCUSSION
The Kompetitive Allele Specific PCR genotyping assay has been successfully used in
order to genotype different organisms (He, Holme & Anthony, 2014; Semagn et al., 2014;
Landoulsi et al., 2017). In our work KASP technology was used in Saanen and Alpine goats
reared in Romania in order to investigate the polymorphism of 48 SNPs of 40 genes that
were previously reported to be associated with the production traits or that potentially
contributed to important metabolic conditions. The KASP genotyping system used in
the present study generated a high assay success rate (94,81%) and offered a highly locus
specificity and accurate genotyping solution. Ours results are in accordance with previously
reported KASP assay success rate (Semagn et al., 2014). Furthermore, according to previous
studies the KASP genotyping system has low-labour and economic advantages over other
genotyping assays (Landoulsi et al., 2017).
The results of this study showed that only 13 of the studied SNPs were polymorphic.
The genetic variants CC of rs669986850, TT of rs671256096, AG of rs671391101, TT of
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Table 3 List of SNPs found to be associated with milk yield and composition in Saanen and French Alpine goats.
Saanen population French Alpine population Total population
SNP Gene Geno-
type
Genotype
frequencies
Milk yield (kg) Milk fat (%) Milk
protein (%)
Milk
lactose (%)
Genotype
frequencies
Milk
yield (kg)
Milk
fat (%)
Milk
protein (%)
Milk
lactose (%)
Genotype
frequencies
Milk
yield (kg)
Milk
fat (%)
Milk
protein (%)
Milk
lactose (%)
rs671391101 GHRHR AA 1.00 874.32 ± 36.81∗ 3.83± 0.03 3.62± 0.03 4.19± 0.01 0.89 1,039.06± 46.01a∗ 3.74 ± 0.04a 3.63 ± 0.03a 4.17 ± 0.01a 0.95 938.61 ± 31.04a 3.80 ± 0.03a 3.63 ± 0.02a 4.18 ± 0.01a
GG 0 0.11 963.5 ± 130.15a 4.02 ± 0.13a 3.89 ± 0.1b 4.12 ± 0.05a 0.05 963.5 ± 130.15a 4.02 ± 0.13b 3.89 ± 0.10a 4.12 ± 0.05a
AG 0 0 0
rs635969404 IL15RA CC 0.24 859.83 ± 71.34a 3.79 ± 0.07a 3.60 ± 0.06a 4.20 ± 0.07a 0.59 975.15 ± 48.47a 3.80 ± 0.05a 3.66 ± 0.04a 4.23 ± 0.04a 0.40 938.73 ± 28.83a 3.79 ± 0.04ab 3.64 ± 0.04a 4.22 ± 0.04a
TC 0.44 829.9 ± 52.69a* 3.80 ± 0.05a 3.59 ± 0.04a 4.20 ± 0.05a 0.32 1,096.14 ± 66.05a∗ 3.67 ± 0.07a 3.62 ± 0.05a 4.25 ± 0.06a 0.38 933.44 ± 61.16a 3.75 ± 0.05a 3.61 ± 0.04a 4.22 ± 0.04a
TT 0.32 946.25 ± 61.78a 3.80 ± 0.06a 3.67 ± 0.05a 4.16 ± 0.06a 0.09 1,150.00 ± 123.57a 3.97 ± 0.13a 3.80 ± 0.11a 4.17 ± 0.12a 0.22 987.00 ± 52.40a 3.92 ± 0.06b 3.70 ± 0.05a 4.16 ± 0.02a
rs640582069 IL1RN TG 0.40 907.20± 55.26a 3.88± 0.06a 3.61± 0.04a 4.21± 0.04a 0.50 1,021.08± 50.44a 3.73± 0.05a 3.65± 0.04ab 4.24± 0.04a 0.45 969.31± 33.96ab 3.80± 0.05ab 3.63± 0.04ab 4.23± 0.03a
GG 0.52 821.92 ± 48.46a* 3.78 ± 0.05a 3.61 ± 0.04a 4.19 ± 0.04a 0.37 1,005.33 ± 58.24a* 3.72 ± 0.06a 3.58 ± 0.05a 4.14 ± 0.05a 0.45 896.95 ± 46.05a 3.76 ± 0.03a 3.60 ± 0.02a 4.17 ± 0.02a
TT 0.08 1050.5 ± 123.56a 3.89 ± 0.13a 3.75 ± 0.1a 4.10 ± 0.1a* 0.13 1,080.33 ± 100.89a 3.95 ± 0.11a 3.81 ± 0.08b 4.46 ± 0.08b* 0.10 1068.40 ± 50.53b 3.93 ± 0.11b 3.79 ± 0.08b 4.32 ± 0.15a
rs635583012 SOCS3 TG 0.68 875.35 ± 44.23a* 3.80 ± 0.04a 3.61 ± 0.03a 4.17 ± 0.03a 0.50 1,060.00 ± 54.99a* 3.81 ± 0.06a 3.66 ± 0.04a 4.19 ± 0.04a 0.60 947.89 ± 41.80a 3.81 ± 0.04a 3.62 ± 0.03a 4.18 ± 0.01a
GG 0.16 868.00 ± 91.19a 3.89 ± 0.1a 3.62 ± 0.08a 4.23 ± 0.07a 0.18 1068.75 ± 91.19a 3.71 ± 0.1a 3.64 ± 0.08a 4.09 ± 0.07a 0.17 968.37 ± 64.10a 3.80 ± 0.07a 3.65 ± 0.07a 4.16 ± 0.04a
TT 0.16 876.25 ± 91.19a 3.87 ± 0.1a 3.66 ± 0.08a 4.24 ± 0.07a 0.32 959.28 ± 68.93a 3.75 ± 0.07a 3.68 ± 0.06a 4.39 ± 0.05b 0.23 929.09 ± 35.47a 3.80 ± 0.04a 3.68 ± 0.04a 4.34 ± 0.09b
Notes.
Column means with different letter superscript differ significantly at P ≤ 0.05, within the same SNP
Row means for the same trait marked with * differ significantly at P ≤ 0.05, between breeds within genotype
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rs664283580, AA of rs671509714 and GG of rs669561078 were not observed in the Saanen
or the Alpine. The missing genotypes may be attributable to the relatively small number of
animals studied.
The results of the current study showed that the homozygous genotypes were more
frequent than heterozygous in most cases. All results were tested for deviations from HWE
that was used as a means of quality control. Only the Alpine breed was in Hardy-Weinberg
disequilibrium at the g.62894878A>G locus (rs671391101) (P < 0.05) and therefore this
locus raises question for further study on large number of samples. The Hardy-Weinberg
disequilibrium for this SNP in French Alpine may be attributable to either selection or the
genotyping error of KASP assays that produced 18 identified allele calls and 6 unidentified
allele calls. Among the polymorphic SNPs, two were located in introns (rs660778229,
rs635583012), and those variants have recently been demonstrated to be significantly
associated with quantitative traits in different species, despite the fact that they do not
change amino acids (Clark et al., 2015; Maitra et al., 2014; Sun et al., 2015; Zhao et al.,
2013; Zhou et al., 2016). The results obtained here on single SNP analyses confirmed the
previous findings, since it indicated that the goat SOCS3 g.52626440T>G beside GHRHR
g.62894878A>G, IL1RN g.46353777T>G and IL15RA g.10354813C>T might play an
important role in affecting milk production traits and could be linked to major genes that
affect milk production traits in goats. Current findings revealed the significant association
and the effects of those loci and the investigated milk traits. It was surprising since those
genes are not milk protein genes or closely related to them.
SOCS3 is a member of the suppressors of cytokine signalling (SOCS) family of
proteins that has a negative effect on cytokine signalling (Krebs & Hilton, 2001). However,
polymorphism of SOCS3 gene was associated with somatic cell score trait in cattle (Strillacci
et al., 2014;Wang et al., 2015), mammary development pathway (Raven et al., 2014) and is
expressed in goat milk fat globules in response to experimental intramammary infection
with Staphylococcus aureus (Strillacci et al., 2014;Wang et al., 2015).
Growth hormone (GH ) was found to have wide range effect on a variety of physiological
parameters such as lactation, reproduction, growth traits and metabolism (Mousavizadeh
et al., 2009).Marques et al. (2006) detected high levels of polymorphisms at the five exons
and the 5′-UTR and 3′-UTR regions of growth hormone gene in Serra da Estrela ewes
and found that the two copies of the ovine GH gene (namely, GH2-N and GH2-Z )
genotypes significantly affect milk yield in the breed. In contrast, significant differences in
milk traits included milk yield, fat, protein, casein and lactose percentage were detected
among Sarda sheep genotypes at polymorphic loci only for the GH2-Z gene (Dettori et
al., 2015). However, there are no information about polymorphism and its associations
with milk production traits in goats. Polymorphism and association study of exon 2 and
exon 3 of the growth hormone gene with growth traits in goats from two Indian breeds
did not find any significant association between genotypes and body development traits
(Singh et al., 2015).
In the current study, two less-studied interleukins in goats were found to have a
significant association with milk related traits. The IL1RN had also significant SNP for
milk yield and located on chromosome 11 like a whey protein, β-lactoglobulin gene in
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goats. However, genetic variants of BLG gene involved this study (rs646939931) was not
polymorph. Members of the IL-1 family are pleiotropic cytokines that have important
rules in inflammation, immunoregulation and other homeostatic functions in the body
(Mora & Weigert, 2016).Marcos-Carcavilla et al. (2007) studied the IL-1 family members as
candidate genes for scrapie susceptibility detection in sheep. However, no studies on goats
were published up-to-date. IL-15γ , IL-15Rβ and IL-15Rα are composing the chains of the
interleukin-15 receptor (IL-15R). In human interleukin-15 receptor alpha is a high affinity
IL-15 binding protein that is crucial for mediating IL-15 functions such as memory CD8 T,
cell proliferation andNK, NK/T cell, and intestinal intraepithelial lymphocyte development
(Schluns, Stoklasek & Lefranc¸ois, 2005). Moreover, no previous study was performed for
polymorphism or association studies with production traits in farm animals.
CONCLUSION
In summary, this study validated a KASP genotyping assays in goat that can replace the
different genotyping assays developed for marker-assisted selection. The validated KASP
genotyping assay used for the 48 SNPs will be helpful for diverse applications in goat
breeding programs. Furthermore, preliminary results of the current study shows evidence
of significant associations between four SNPs located on four genes, which were poorly
studied before within the genetic variants and milk production traits in Alpine goats,
indicating the potential role of SOCS3, GHRHR, IL1RN and IL15RA variants on relevant
traits in dairy production.
ADDITIONAL INFORMATION AND DECLARATIONS
Funding
This work was supported by a grant of the Romanian National Authority for Scientific
Research and Innovation, CNCS—UEFISCDI, project number PN-II-RU-TE-2014-4-0023.
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.
Grant Disclosures
The following grant information was disclosed by the authors:
Romanian National Authority for Scientific Research and Innovation.
CNCS—UEFISCDI: PN-II-RU-TE-2014-4-0023.
Competing Interests
The authors declare there are no competing interests.
Author Contributions
• Szilvia Kusza, Daniela Elena Ilie and Dinu Gavojdian conceived and designed
the experiments, performed the experiments, analyzed the data, contributed
reagents/materials/analysis tools, prepared figures and/or tables, authored or reviewed
drafts of the paper, approved the final draft.
Kusza et al. (2018), PeerJ, DOI 10.7717/peerj.4416 11/15
• Ludovic Toma Cziszter conceived and designed the experiments, analyzed the data,
contributed reagents/materials/analysis tools, prepared figures and/or tables, authored
or reviewed drafts of the paper, approved the final draft.
• Maria Sauer and Ioan Padeanu conceived and designed the experiments, contributed
reagents/materials/analysis tools, authored or reviewed drafts of the paper, approved the
final draft.
Animal Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):
The research activities were performed in accordance with the European Union’s
Directive for animal experimentation (Directive 2010/63/EU).
Data Availability
The following information was supplied regarding data availability:
The raw data has been provided as a Supplemental File.
Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.4416#supplemental-information.
REFERENCES
An XP, Song SG, Hou JX, Zhu CM, Peng JX, Liu XQ, Liu HY, XiaoWP, Zhao HP, Bai
L, Wang JG, Song YX, Cao BY. 2011. Polymorphism identification in goat DGAT2
gene and association analysis with milk yield and fat percentage. Small Ruminant
Research 100:107–112 DOI 10.1016/j.smallrumres.2011.05.017.
Boulanger A, Grosclaude F, MahéMF. 1984. Polymorphisme des caséines αs1
et αs2 de la chèvre (Capra hircus). Génétique Sélection Évolution 16:157–176
DOI 10.1186/1297-9686-16-2-157.
Clark DL, Clark DI, Beever JE, Dilger AC. 2015. Increased prenatal IGF2 expression due
to the porcine intron3-G3072A mutation may be responsible for increased muscle
mass. Journal of Animal Science 93:2546–2558 DOI 10.2527/jas.2014-8389.
Dekkers JC. 2004. Commercial application of marker- and gene-assisted selection in
livestock: strategies and lessons. Journal of Animal Science 82:E313–E328.
Dettori M, Pazzola M, Pira E, Paschino P, Vacca G. 2015. The sheep growth hor-
mone gene polymorphism and its effects on milk traits. Journal of Dairy Research
82:169–176 DOI 10.1017/S0022029915000047.
Dong Y, Xie M, Jiang Y, Xiao N, Du X, ZhangW, Tosser-Klopp G,Wang J, Yang S,
Liang J, ChenW, Chen J, Zeng P, Hou Y, Bian C, Pan S, Li Y, Liu X,WangW,
Servin B, Sayre B, Zhu B, Sweeney D, Moore R, NieW, Shen Y, Zhao R, Zhang
G, Li J, Faraut T,Womack J, Zhang Y, Kijas J, Cockett N, Xu X, Zhao S,Wang
J, WangW. 2013. Sequencing and automated whole-genome optical mapping of
the genome of a domestic goat (Capra hircus). Nature Biotechnology 31:135–141
DOI 10.1038/nbt.2478.
Kusza et al. (2018), PeerJ, DOI 10.7717/peerj.4416 12/15
Elsik CG, Tellam RL,Worley KC, Gibbs RA, Muzny DM,Weinstock GM, Adelson
DL, Eichler EE, Elnitski L, Guigó R, Hamernik DL, Kappes SM, Lewin HA, Lynn
DJ, Nicholas FW, Reymond A, Rijnkels M, Skow LC, Zdobnov EM, Schook L,
Womack J, Alioto T, Antonarakis SE, Astashyn A, Chappie CE, Chen HC, Chrast
J, Câmara F, Ermolaeva O, Henrichsen CN, HlavinaW, Kapustin Y, Kiryutin B,
Kitts P, Kokocinski F, LandrumM,Maglott D, Pruitt K, Sapojnikov V, Searle SM,
Solovyev V, Souvorov A, Ucla C,Wyss C, Anzola JM, Gerlach D, Elhaik E, Graur
D, Reese JT, Edgar RC, McEwan JC, Payne GM, Raison JM, Junier T, Kriventseva
EV, Eyras E, Plass M, Donthu R, Larkin DM, Reecy J, YangMQ, Chen L, Cheng
Z, Chitko-McKown CG, Liu GE, Matukumalli LK, Song J, Zhu B, Bradley DG,
Brinkman FSL, Lau LPL,Whiteside MD,Walker A,Wheeler TT, Casey T, German
JB, Lemay DG, Maqbool NJ, Molenaar AJ, Seo S, Stothard P, Baldwin CL, Baxter
R, Brinkmeyer-Larigford CL, BrownWC, Childers CP, Connelley T, Ellis SA, Fritz
K, Glass EJ, Herzig CTA, Livanainen A, Lahmers KK, Bennett AK, Dickens CM,
Gilbert JGR, Hagen DE, Salih H, Aerts J, Caetano AR, Dalrymple B, Garcia JF, Gill
CA, Hiendleder SG, Memili E, Spurlock D,Williams JL, Alexander L, Brownstein
MJ, Guan L, Holt RA, Jones SJM, Marra MA, Moore R, Moore SS, Roberts A,
Taniguchi M,Waterman RC, Chacko J, Chandrabose MM, Cree A, DaoMD, Dinh
HH, Gabisi RA, Hines S, Hume J, Jhangiani SN, Joshi V, Kovar CL, Lewis LR,
Liu YS, Lopez J, MorganMB, Nguyen NB, Okwuonu GO, Ruiz SJ, Santibanez J,
Wright RA, Buhay C, Ding Y, Dugan-Rocha S, Herdandez J, Holder M, Sabo A,
Egan A, Goodell J, Wilczek-Boney K, Fowler GR, Hitchens ME, Lozado RJ, Moen
C, Steffen D,Warren JT, Zhang J, Chiu R, Schein JE, Durbin KJ, Havlak P, Jiang H,
Liu Y, Qin X, Ren Y, Shen Y, Song H, Bell SN, Davis C, Johnson AJ, Lee S, Nazareth
LV, Patel BM, Pu LL, Vattathil S, Williams RL, Curry S, Hamilton C, Sodergren
E,Wheeler DA, Barris W, Bennett GL, Eggen A, Green RD, Harhay GP, Hobbs
M, Jann O, Keele JW, Kent MP, Lien S, McKay SD, McWilliam S, Ratnakumar
A, Schnabel RD, Smith T, SnellingWM, et al. 2009. The genome sequence of
taurine cattle: a window to ruminant biology and evolution. Science 324:522–528
DOI 10.1126/science.1169588.
Erhardt G, Caroli A, Rizzi R, Luhken G. 2010.Milk protein genetic variation and
casein haplotype structure in the Original Pinzgauer cattle. Journal of Dairy Science
93:1260–1265 DOI 10.3168/jds.2009-2521.
EUROSTAT. 2016. Agricultural production—animals. Available at http:// ec.europa.eu/
eurostat/ statistics-explained/ index.php/Agricultural_production_-_animals (accessed
on 17 June 2017).
FAO/IAEA. 2004. Agriculture biotechnology laboratory—handbook of laboratory exercises.
Seibersdorf: IAEA Laboratories, pp. 18.
He C, Holme J, Anthony J. 2014. SNP genotyping: the KASP assay.Methods in Molecular
Biology 1145:75–86 DOI 10.1007/978-1-4939-0446-4_7.
Hill T, Lewicki P. 2007. Statistics: methods and applications. Tulsa: StatSoft.
Krebs DL, Hilton DJ. 2001. SOCS proteins: negative regulators of cytokine signalling.
Stem Cells 19:378–387 DOI 10.1634/stemcells.19-5-378.
Kusza et al. (2018), PeerJ, DOI 10.7717/peerj.4416 13/15
Landoulsi Z, Benromdhan S, Ben Djebara M, DamakM, Dallali H, Kefi R, Abdelhak S,
Gargouri-Berrechid A, Mhiri C, Gouider R. 2017. Using KASP technique to screen
LRRK2 G2019S mutation in a large Tunisian cohort. BMCMedical Genetics 18:70
DOI 10.1186/s12881-017-0432-5.
Maitra A, Sharma R, Ahlawat S, Tantia MS. 2014. Novel genetic polymorphisms in
caprine GPR54 gene associated with reproductive functions. Indian Journal of
Animal Science 84:1196–1201.
Marcos-Carcavilla A, Calvo JH, González C, Moazami-Goudarzi K, Laurent P, Bertaud
M, Hayes H, Beattie AE, Serrano C, Lyahyai J, Martín-Burriel I, Alves E, Zaragoza
P, Badiola JJ, SerranoM. 2007. IL-1 family members as candidate genes modulating
scrapie susceptibility in sheep: localization, partial characterization, and expression.
Mammalian Genome 18:53–63 DOI 10.1007/s00335-006-0095-6.
Marques M, Santos I, Carolino N, Belo C, Renaville R, Cravador A. 2006. Effects of
genetic polymorphisms at the growth hormone gene on milk yield in Serra da Estrela
sheep. Journal of Dairy Research 73:394–405 DOI 10.1017/S0022029906001932.
Martin PM, Palhière I, Ricard A, Tosser-Klopp G, Rupp R. 2016. Genome wide
association study identifies new loci associated with undesired coat color phenotypes
in saanen goats. PLOS ONE 11:e0152426 DOI 10.1371/journal.pone.0152426.
Martin P, SzymanowskaM, Zwierzchowski L, Leroux C. 2002. The impact of genetic
polymorphisms on the protein composition of ruminants milks. Reproduction
Nutrition Development 42:433–459 DOI 10.1051/rnd:2002036.
Mora J, Weigert A. 2016. IL-1 family cytokines in cancer immunity—a matter of life and
death. Biological Chemistry 397:1125–1134 DOI 10.1515/hsz-2016-0215.
Mousavizadeh A, Abadi MM, Torabi A, Nassiry MR, Ghiasi H, Esmailizadeh
Koshkoieh A. 2009. Genetic polymorphism at the growth hormone locus in iranian
talli goats by polymerase chain reaction-single strand conformation polymorphism
(PCR-SSCP). Iranian Journal of Biotechnology 7:51–53.
Padeanu I. 2001. Tehnologia cresterii ovinelor si caprinelor [Rearing technologies for sheep
and goats]. Timisoara: Mirton Press.
Palhiere I, Larroque H, Clement V, Tosser-Klopp G, Rupp R. 2014. Genetic param-
eters and QTL detection for milking speed in dairy Alpine and Saanen goats. In:
Proceedings, 10th world congress of genetics applied to livestock production. p. 892–892.
Presented at 10 world congress of genetics applied to livestock production (WCGALP),
Vancouver, CAN (2014-08-17-2014-08-22). Champaign: American Society of Animal
Science. Available at http:// prodinra.inra.fr/ record/281029 .
Parmentier I, Portetellea D, Gengler N, Prandic A, Bertozzia C, Vleuricka L, Gilsond
R, Pascal C, Padeanu I, Calin I, Daraban S, Nacu G. 2011. Researches related to
meat yield aptitudes of Carpatina breed reared in Romania. Scientific Papers: Animal
Sciences 55:328–331.
Pascal C, Padeanu I, Calin I, Daraban S, Nacu G. 2011. Researches related to meat yield
aptitudes of Carpatina breed reared in Romania. Scientific Papers Animal Science and
Biotechnologies 55:328–331.
Raducuta I, Calin I, Purdoiu S. 2012. The evolution and current situation of goat
breeding in Romania. Scientific Papers Seried D: Animal Science 55:223–226.
Kusza et al. (2018), PeerJ, DOI 10.7717/peerj.4416 14/15
Raven LA, Cocks BG, GoddardME, Pryce JE, Hayes BJ. 2014. Genetic variants in
mammary development, prolactin signalling and involution pathways explain
considerable variation in bovine milk production and milk composition. Genetics
Selection Evolution 46:29 DOI 10.1186/1297-9686-46-29.
Schluns KS, Stoklasek T, Lefranc¸ois L. 2005. The roles of interleukin-15 receptor
α: trans-presentation, receptor component, or both? International Journal of
Biochemistry & Cell Biology 37:1567–1571 DOI 10.1016/j.biocel.2005.02.017.
Semagn K, Babu R, Hearne S, OlsenM. 2014. Single nucleotide polymorphism
genotyping using Kompetitive Allele Specific PCR (KASP): overview of the tech-
nology and its application in crop improvement.Molecular Breeding 33:1–14
DOI 10.1007/s11032-013-9917-x.
Singh PP, Tomar SS, ThakurMS, Kumar A. 2015. Polymorphism and association
of growth hormone gene with growth traits in Sirohi and Barbari breeds of goat.
Veterinary World 8:382–387 DOI 10.14202/vetworld.2015.382-387.
Strillacci MG, Frigo E, Schiavini F, Samoré AB, Canavesi F, VeveyM, Cozzi MC, Soller
M, Lipkin E, Bagnato A. 2014. Genome-wide association study for somatic cell
score in Valdostana Red Pied cattle breed using pooled DNA. BMC Genetics 15:106
DOI 10.1186/s12863-014-0106-7.
Sun YJ, Lan XY, Lei CZ, Zhang CL, Chen H. 2015.Haplotype combination of the bovine
CFL2 gene sequence variants and association with growth traits in Qinchuan cattle.
Gene 563:136–141 DOI 10.1016/j.gene.2015.03.016.
Tabaran A, MihaiuM, Dan SD, Reget O, Pivariu B, Cordis I, Cordea D, Muresan C.
2014. Identification of polymorphism in goat and sheep DGAT1 gene associated with
milk production traits. Bulletin UASVM Veterinary Medicine 71:283–286.
Vinesh PV, Brahma B, Kaur R, Datta TK, Goswami SL, De S. 2013. Charac-
terization of β-casein gene in Indian riverine buffalo. Gene 527:683–688
DOI 10.1016/j.gene.2013.06.029.
Vlaic A, Balteanu V, Pop F, Carsai T, SuteuM. 2010.Milk protein polymorphisms study
in some Carpathian goat populations reared in the central part of Romania. Bulletin
UASVM Animal Science and Biotechnologies 67:54–59.
Wang H, Zhang L, Cao J, WuM,Ma X, Liu Z, Liu R, Zhao F,Wei C, Du L. 2015.
Genome-wide specific selection in three domestic sheep breeds. PLOS ONE
10:e0128688 DOI 10.1371/journal.pone.0128688.
Zaulet M, Kevorkian S, EnacheM, Ghita E, Lazar C, RebedeaM. 2008. Genetic poly-
morphism of some proteins in the milk of Carpathian goat. Scientific Papers: Animal
Sciences and Biotechnologies 41:201–207.
Zhao HY,Wu XF, Cai HF, Pan CY, Lei CZ, Chen H, Lan XY. 2013. Genetic variants and
effects on milk traits of the caprine paired-like homeodomain transcription factor 2
(PITX2) gene in dairy goats. Gene 532:203–210 DOI 10.1016/j.gene.2013.09.062.
Zhou FY, Yang Q, Lei CZ, Chen H, Lan XY. 2016. Relationship between genetic variants
of POU1F1, PROP1, IGFBP3 genes and milk performance in Guanzhong dairy goats.
Small Ruminant Research 140:40–45 DOI 10.1016/j.smallrumres.2016.05.015.
Kusza et al. (2018), PeerJ, DOI 10.7717/peerj.4416 15/15
